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Background: The increasing demand for eye care inflicts a heavy burden on the eye care system.
The uneven distribution of demand dynamically exacerbates the supply-demand imbalance. Systematic
explorations of the growth patterns of the demand for eye care are needed to detect potential influences on
the safety and quality of medical services.

Methods: This is an observational longitudinal study at the hospital level. We exported 8 million outpatient
visit records over 10 years from the electronic health record (EHR) system of Zhongshan Ophthalmic Center
(ZOC). The total visits to all levels of medical institutions in China were collected from the websites of the
China National Statistics Bureau. The target 10-year period was from Jan 1, 2008, to Dec 31, 2017. Revisit
intervals were analysed to assess the stickiness of patient demand. The proportions of non-local patients
(from cities other than Guangzhou in Guangdong Province, or provinces other than Guangdong Province in
China) were analysed to assess flowing demand liquidity.

Results: Visits to medical institutions continuously increased over the examined period (2008-2017) in
China. Increasing patient visits and corresponding supplementation of doctors broke the supply-demand
balance at ZOC. In terms of the temporal aspect, uneven distributions over cycles of weeks and years,
referred to as Monday peaks and vacation peaks, became more evident during the examined period. With
respect to geography, the coverage of demand sources expanded to the whole nation, and the flowing demand
accounted for higher proportions at both the city and province levels. Subdepartments of ophthalmology had
diverse growth speeds and proportions of flowing demand. Patients presented higher stickiness with shorter
revisit intervals, and non-locals had higher stickiness than local patients.

Conclusions: The growth patterns of demand for eye care indicate potential challenges for
ophthalmologists at the hospital level, including regular workload peaks, a wider range of patients with

diverse cultural backgrounds, and higher stickiness of patients.
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Introduction

Accumulating evidence suggests that an era of exploding
medical demand has arisen globally and that people are
visiting hospitals more frequently than ever before (1-4).
These increases also inflict heavier burdens on the eye
care system (5,6). Increasing outpatient visits reduce each
patient’s meeting time with doctors and cause doctor
overload, resulting in insufficient medical communication (7).
Previous studies have revealed that uneven medical demand
distributions, such as the weekend effect (8-10) and the
July effect (11,12), are related to unsatisfactory medical
outcomes. Thus, the magnitude of increases in medical
demand and their growth patterns have critical management
implications for optimizing medical supply and improving
the safety and quality of medical services. However, there
has been no systematic analysis of medical demand for eye
care to detect the potential influences of demand on medical
services for ophthalmology outpatients.

Eye care has advantageous features for studies of medical
demand, including full coverage of age groups, diversity of
demand in urgency and quality, and sensitivity of supply-
demand matching (13). As the most reputed tertiary-level
ophthalmic hospital in China, Zhongshan Ophthalmic
Center (ZOC) received approximately 8 million person-
times outpatient visits from 2008 to 2017, which provides a
good sample for panoramic study. As the new ZOC campus
opened in 2018, our analysis covers only the period before
2018 to control potentially related influences.

Here, by longitudinally observing and comparing these
records, we present temporal and geographical atlases
of medical demand for eye care at the hospital level. We
show the dynamic relationship between the supply side and
the demand side along with demand growth. Temporally,
we checked the growth pattern evolution over the cycles
of weeks and years. Geographically, we identified the
proportions of non-local patients [from cities other than
Guangzhou (GZ) in Guangdong (GD) Province, or from
provinces other than GD Province in China] and measured
flowing demand liquidity at both the provincial and national
levels. We calculated the revisit interval as the stickiness of
medical demand and present its changes. All of the analyses
reflect the distribution of medical demand for eye care and
indicate that the growth patterns of demand may bring
diverse challenges for Chinese ophthalmologists in the era
of exploding healthcare demand. We present the following
article in accordance with the STROBE reporting checklist
(available at http://dx.doi.org/10.21037/atm-20-2939).
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Methods
Data collection and usage

Outpatient visit records were collected and exported from
the electronic health record (EHR) system of ZOC. The
records totalled over 8 million and covered the time period
from 2008 to 2017. We regarded one piece of record
as a visit to ZOC in our study. The variables of records
included name, address, telephone number, department
of appointment, doctors seen, ID, date of appointment
and birthdate. The principles outlined in the Declaration
of Helsinki (as revised in 2013) were followed throughout
the study. The study protocol was approved by the ethics
committee (2020KYPJ012). Patient information was
anonymized before the analysis and restricted to sharing
within the study group.

Individual patient identification

We first used ID as the key to classify the records as unique
individuals and gave them new unique IDs. If the original
ID was missing, we used name, birthdate, address and
telephone number for alignment with known individuals.
The above-aligned variables were used as keys to identify
other individuals from unaligned records, which were given
new unique IDs.

Revisit interval threshold setting

We calculated every revisit interval for each person if the
unique ID appeared more than twice in our records. We
used half of a year (183 days) as the upper threshold for
the revisit interval to control the relationship between two
visits. If the revisit interval was longer than half a year, we
considered the two visits unrelated and did not include
them in the revisit interval analysis.

Statistical analysis

The data analysis was mainly conducted with R (version
3.6.2). We set 0.05 as the significance threshold of the
P value. Differences between groups were tested by the
Wilcoxon rank-sum test. For any variable, we excluded the
missing data during subgroup comparison.

Data retention and security

We retained patients’ personal information only as long as
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necessary for scientific research. We took precautions to
safeguard patients’ personal information against loss, theft
and misuse and unauthorized access, disclosure, alteration
and destruction by appropriate technical and organizational
measures.

Results

Main types of visits to medical institutions in China from
2008 to 2017

By analysing the open data from the National Statistics
Bureau, we found that the main types of visits to various
levels of medical institutions increased continuously from
2008 to 2017 (Figure 1A4). The number of visits to all
medical institutions increased by 67%, from 49.01 in 2007
to 81.83 in 2018 (100 million person-times). Both basic
medical institutions and hospitals are included in all medical
institutions. For hospitals, visits increased stably by 93%
each year, from 17.82 in 2008 to 34.39 in 2017 (100 million
person-times). Within hospitals, comparing 2008 with 2017,
the number of visits to general hospitals increased by 87%.
However, although they also increased during 2009-2014,
visits to basic medical institutions reached a plateau in 2014.
Visits to specialized hospitals increased by 139% from 2008
to 2017, a greater increase than for any other kind of visits,
but this category still accounted for a small proportion of
the overall demand.

The growth of visits to ZOC and supply-demand
relationships

Visits to ZOC increased rapidly over the 10 years from
2008 to 2017 (Figure 1B). All the records have the visit date
variable and the visit subdepartment variable, while about
3.7 million (53.3%) visit records have the address variable.
Starting with only 0.492 million visits in 2008, the number
of visits reached 1.102 million in 2017, a 124% increase.
Before 2010, the average rate of growth in the number of
visits was 0.043 million per year. However, after 2010, the
average growth rate was far higher, 0.075 million per year.
We also found that the number of doctors increased rapidly
during the 2011-2012 and 2015-2016 periods; both of these
increases occurred after the number of visits per doctor
increased (Figure 1C). Increases in doctors partially relieved
the pressure brought by the increase in total visits in a
short period but could not eliminate the regular rebounds
of doctor workloads. As ZOC is one of the few tertiary
ophthalmic hospitals in China, its size is more comparable
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to that of a typical general hospital. Compared with general
hospitals, ZOC witnessed a similar growth pattern but had
a far faster growth rate (paired Wilcoxon rank-sum test:
P=0.036) (Figure 1D).

Temporal growth patterns

With regard to weekly cycles, ZOC received the largest
number of visits on Monday. We found that the demand
patterns of weekdays and weekends significantly differed
(2,507.9£791.9 vs. 942.8+293.3 person-times/d, Wilcoxon
rank-sum test: P<2.2e-16) (Figure 24,B). Most increases
in visits were caused by changes in weekday visits. There
was a visit distribution pattern over the course of a week:
Monday (2,775.1+897.6 person-times/d) was usually the
most crowded day, followed by Tuesday (2,489.0+818.3
person-times/d), Thursday (2,396.4+743.3 person-
times/d), Wednesday (2,002.2£610.7 person-times/d)
and Friday (1,999.8+644.5 person-times/d) (Figure 2B,
Figure S1). On weekends, patients visited ZOC more
on Saturday (1,031.5+290.8 person-times/d) than on
Sunday (757.8£251.5 person-times/d) (Wilcoxon rank-
sum test: P<2.2e-16). Thus, a Monday peak phenomenon
was observed in ZOC outpatients, and the Monday peaks
became more evident.

With regard to yearly cycles, the average age of patients
visiting during two school vacation periods was lower than in
the rest of the year: winter vacations in January and February
and summer vacations in July and August (Figure 2C).
By the local polynomial regression method, we fit the
curves of visits to ZOC over the yearly cycles (Figure 2D).
In recent years, as the baseline number of visits increased,
vacation peaks in summer gradually became evident but
decreased in dominance compared to the winter vacation
peaks. During summer vacations, the declining average
age of visiting patients can be explained by increases in the
number of individuals under 20 years of age (Figure 2C).
However, the declines in average patient age during winter
vacations (which also include the traditional Chinese New
Year holiday) were less evident, although they were also
concurrent with increases in the number of patients under
the age of 20 years. Because the patient birthday variable in
the data lacked reliability before 2012, we analysed the age
distribution only from 2012.

Growth patterns among the ocular disease spectrum

All sub-departments of ophthalmology maintained generally
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Figure 1 Increases in visits to medical institutions in China and Zhongshan Ophthalmic Center (ZOC). (A) Main kinds of visits to

healthcare institutions in China. The number of visits in the unit of 100 million person-times. Medical institutions include basic medical

institutions, hospitals, and others. Hospitals include general hospitals, specialized hospitals, and others. (B) The visits to ZOC. The number

of visits was in the unit of 1 million person-times. (C) The supply of doctors. The columns represent the numbers of doctors at ZOC

each year, referring to the left y-axis. The lines represent the number of visits per doctor each year, referring to the right y-axis. (D) The

comparison of the visit growth rates between ZOC and general hospitals. The growth rate is the percentage increase in demand for a year

over the previous year. The yellow lines represent ZOC, and the pink lines represent the general hospital group. The growth rates at ZOC

were higher than those of general hospitals (Wilcoxon rank-sum test: P=0.036).
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Figure 2 Temporal distribution of visits to Zhongshan Ophthalmic Center (ZOC). (A) The visits to ZOC were grouped by days in a week.
The number of visits was in the unit of 100 million person-times. Medical institutions include basic medical institutions, hospitals, and
others. Hospitals include general hospitals, specialized hospitals, and others. (B) The comparison of visits to ZOC in a week. The number of
visits was in the unit of 1 million person-times. The colors represent the years. (C) The age distribution of visiting patients to ZOC in a year.
The boundary of the violin graphs was identified with the proportions area. (D) The vacation peak of visits to ZOC in a year. The number of
visits was in the unit of 1 thousand person-times. The visiting curves were fitted with the local polynomial regression method. (E) The chart
of visits to each department at ZOC by year. The color represents the average age of patients visiting the department in a year. The number

of yearly visits to a department was in the unit of 1 thousand person-times.
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stable proportions of patient age groups, indicating that the
epidemiology of sub-diseases was consistent (Figure 2E).
The cataract department was the most-visited department
over the 10-year study period, followed by the fundus
surgery department and the glaucoma department.
Compared with 2012, the myopia laser surgery department
showed the largest increase (552%) by 2017, and the
optometry center showed the largest absolute difference in
the number of visits (32.91 thousand person-times). Visits
to the traditional Chinese ophthalmology department,
ocular plastics department, and fundus intern department
also decreased greatly in recent years.

Geograpbhical growth patterns

We analyzed the changes in the proportion of non-local
patients at both the provincial scale (GD Province) and
national scale and compared the geographical coverage of
patient sources before and after 2012. We considered non-
local patients from other cities or provinces as flowing
demand to measure flowing demand liquidity. Within
GD Province, we classified patients from cities other
than GZ City as non-local patients. Within China, we
classified patients from provinces other than GD Province
as non-local patients. Within GD Province (Figure 3A4),
the proportions of non-local patients increased from
21.4%+1.2% in 2008-2010 to 38.2%+0.2% in 2015-
2017 (Wilcoxon rank-sum test: P=0.077). Within China
(Figure 3B), the proportions of non-local patients increased
from 4.61%=0.25% in 2008-2010 to 17.77%+0.23% in
2015-2017 (Wilcoxon rank-sum test: P=0.077).
Additionally, we found that the coverage of patient
sources increased with greater attraction of flowing demand
(Figure 3C,D). As the leading ophthalmic hospital in
southern China, ZOC is located in GZ, the capital city of
GD Province. It is therefore reasonable that GD Province
is the radiation center. In 2008-2011, the main sources of
patients were concentrated in southern and eastern China
and some less developed areas in more distant provinces.
Compared with 2008-2011, patient sources covered almost
all of China in 2012-2017, and the scope of radiation
from GD Province also increased. Among all departments
in 2017, the ocular trauma department had the highest
proportion of patients from other provinces, and the neuro-
ophthalmology department had the largest changes in the
proportion of patients from other provinces (Figure 3E).

© Annals of Translational Medicine. All rights reserved.
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The stickiness of patient revisits

After identification alignment (see Methods), about
4.5 million (56%) records have enough identification
information and were available for revisit interval analysis.
We considered the revisit interval as the stickiness of
medical demand and used the revisit interval within half a
year (183 days) for measurement. Because the second half-
year of 2017 was partly included and the records of 2018
were not included, the revisit intervals in 2017 were shorter
than those in other years.

Both within GD Province and China, non-local patients
visited ZOC more frequently than local patients each year
after 2010 (Wilcoxon rank-sum test: **P<0.01, *P<0.05)
(Figure 4A,B), which means that the stickiness of non-local
patients was higher than that of local patients during the
visiting process. From 2011 to 2012, the revisit interval
to ZOC decreased dramatically. In GZ City, the revisit
interval decreased from 26 [9, 71] days (2008-2011) to
approximately 21 [7, 58] days (2012-2017) (Wilcoxon rank-
sum test P<2.2e-16) (Figure 44). In other cities in GD
Province, the revisit interval decreased from 28 [9, 71] days
(2008-2011) to 17 [7, 47] days (2012-2017) (Wilcoxon
rank-sum test P<2.2e-16) (Figure 44). Comparing the
results among other provinces in China, the revisit interval
in GD Province decreased from 26 [9, 71] days (2008-2011)
to approximately 20 [7, 55] days (2012-2017) (Wilcoxon
rank-sum test: P<2.2e-16) (Figure 4B), while in other
provinces, the revisit interval decreased from 21 [7, 63] days
(2008-2011) to approximately 13 [4, 35] days (2012-2017)
(Wilcoxon rank-sum test: P<2.2e-16) (Figure 4B).

Before 2011, there were far fewer revisits from distant
areas; visits from these areas were usually a single visit
of a patient with a complicated disease (Figure 4C). After
2012, revisits from distant areas increased greatly and
covered almost all of China (Figure 4D). In southern China
and north-eastern China, the mean revisit interval was
mostly within the range of 25-40 days (Figure 4C). In less
developed areas, including western and southwestern China,
the mean revisit interval fell mostly within a lower range

(Figure 4D).

Discussion

The aging population and exploding medical demand
further challenge the supply ability of hospitals and create
burdens on doctors. The growth patterns of visits explain
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Figure 3 Geographical distribution of visits to Zhongshan Ophthalmic Center (ZOC). (A) The proportions of patients from Guangzhou
(GZ) City and other cities in Guangdong (GD) Province. The dark blue areas represent the proportions from other cities, and the green
areas represent the proportions from GZ City. (B) The proportions of patients from GD Province and other provinces. The purple areas
represent the proportions from other provinces, and the ochre areas represent the proportions from GD Province. (C) The geographical
distributions of patient visits to ZOC between 2008 and 2011. The color of the map is related to the natural logarithm of the number of
visits. The orchid area lacks records of visits. (D) The geographical distributions of patient visits to ZOC between 2012 and 2017. The color
of the map is related to the natural logarithm of the number of visits. The orchid area lacks records of visits. (E) The proportion of patients
from other provinces to each department. The numbers in the chart are the proportions of patients from other cities in all visits in a year.
The laser surgery department lacked records in 2008. The color represents the proportion.
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Figure 4 The stickiness of visits to Zhongshan Ophthalmic Center (ZOC). (A) The revisit intervals of patients from Guangzhou (GZ) City
and other cities in Guangdong (GD) Province. Non-local patients from other cities other than Guangzhou in GD Province visited ZOC
more frequently than local patients in GZ City each year after 2010 (Wilcoxon rank-sum test: *, P<0.05; **, P<0.01). In GZ City, the revisit
intervals decreased from 26 [9, 71] days (2008-2011) to approximately 21 [7, 58] days (2012-2017) (Wilcoxon rank-sum test: P<2.2e-16). In
other cities of GD Province, the revisit intervals decreased from 28 [9, 71] days (2008-2011) to 17 [7, 47] days (2012-2017) (Wilcoxon rank-
sum test P<2.2e-16). The revisit intervals decreased sharply between 2010 and 2012. (B) The revisit intervals of patients from GD Province
and other provinces in China. Non-local patients from other provinces other than GD Province in China visited ZOC more frequently than
local patients in GD Province each year after 2010 (Wilcoxon rank-sum test: *, P<0.05; **, P<0.01). The revisit intervals of GD Province
decreased from 26 [9, 71] days (2008-2011) to approximately 20 [7, 55] days (2012-2017) (Wilcoxon rank-sum test P<2.2e-16). In other
provinces, the revisit intervals decreased from 21 [7, 63] days (2008-2011) to approximately 13 [4, 35] days (2012-2017) (Wilcoxon rank-
sum test P<2.2e-16). The revisit intervals decreased sharply between 2010 and 2012. (C) The geographical distributions of patients’ average
revisit intervals to ZOC between 2008 and 2011. The colors of the map are related to average revisit intervals. The area in white lacks
records of visits. (D) The geographical distributions of patients’ average revisit intervals to ZOC between 2012 and 2017. The colors of the
map are related to average revisit intervals. The area in white lacks records of visits.
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how the dynamic uneven distributions of medical demand
exacerbates the supply-demand balance for outpatients
and the safety and quality of medical services. Although
a previous study also addressed the growth of outpatient
visits (14), our research provides a more quantitative study
of eye care demand fluctuation in terms of both temporal
and geographical aspects. After illustrating the general
explosion of medical demand in China, we examined the
increases in medical demand at the hospital level (ZOC).
The relationship between supply and demand was also
analyzed during a 10-year period, which revealed periodic
imbalances and regular rebounds. The temporal atlas
revealed uneven distributions in the cycles of weeks and
years, referred to as Monday peaks and vacation peaks, and
these uneven distributions became more evident over time.
The geographical atlas revealed the expanding coverage of
patient sources with more visits and higher flowing demand
liquidity. The stickiness of patients increased, and non-
local patients presented higher stickiness than local patients.
Diverse growth speeds and flowing demand liquidity existed
among subdepartments of ophthalmology.

Based on the above analysis of the demand growth
and its pattern, our research revealed that Chinese
ophthalmologists may face three main challenges under
imbalanced supply-demand conditions: (I) dynamic overload
challenges over the cycles of weeks (Monday peaks) and
years (vacation peaks) due to sustained increases and the
uneven distribution of medical demand, which aggravates
the psychological and physical health of the medical staff; (IT)
increases in the range of non-local patients seeking better
medical treatment and traveling to distant top hospitals,
which brings more diverse cultural differences for doctors;
(IIT) increased stickiness of patients, which requires doctors
to communicate with individuals more frequently and
continuously.

Considering the feedback loop between supply and
demand, the uneven distribution of demand in medical
areas is becoming increasingly prominent. Favourable
factors in China, such as the rising income of its citizens,
popularization of mobile internet (15) and high-speed
transportation network, not only empower patients to
pursue better medical resources but also test the capacity
of regional advanced medical centers. Moreover, these
dominant hospitals still compete to serve more patients and
thus expand their load capacity to the limit (16). Further
strengthening the flexibility and effectiveness of the three-
tier healthcare system in remote regions should help ease
the overload of central hospitals.

© Annals of Translational Medicine. All rights reserved.
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Previous studies have provided methods to predict
demand and optimize outpatient scheduling (17-19). Classic
algorithms for predicting time-series medical demand, such
as the auto-regressive integrated moving average (ARIMA)
model and the single exponential smoothing (SES) model,
are not precise or robust enough (20). Deep learning
methods such as long short-term memory (LSTM), a kind
of recurrent neural network (RNN), indicate the possibility
of building more dynamic and accurate demand prediction
models (21-23). A comprehensive system combining
demand prediction and supply allocation is needed to
mitigate the imbalance of supply-demand conditions.
Recently, Al applications in eye disease screening and
guidance have been able to sync high-quality healthcare
services to individuals’ mobile terminal, providing a feasible
method for tackling this increasing burden (24-27).

Prospective studies for precisely predicting demand
growth and optimizing the allocation of medical resources
on the supply side based on our findings will help reduce
the supply and demand imbalance and improve the quality
and safety of ophthalmology outpatients.

Limitations

Several limitations exist in our study. First, our study
included records from only a single center, and future multi-
center studies may obtain more credible results. Moreover,
the numbers of patients from different destinations varied
greatly, and few records were available for patients from
some distant areas, which decreased the credibility of our
conclusions regarding these areas.

Conclusions

In summary, this study implies several challenges brought
by the increasing demand for ophthalmology outpatient.
The growth patterns of demand for eye care indicate
potential challenges for ophthalmologists at the hospital
level, including regular workload peaks, a wider range of
patients with diverse cultural backgrounds, and higher
stickiness of patients.
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